Ethanol increases phosphodiesterase 4 activity in bovine bronchial epithelial cells.
Ethanol exposure in airway epithelium increases cyclic AMP (cAMP)-dependent protein kinase (PKA) activity. Activation of PKA and cyclic guanosine monophosphate (cGMP)-dependent protein kinase (PKG) has been shown to increase ciliary beat frequency (CBF) in bovine bronchial epithelial cells (BBECs). We have shown that biologically relevant concentrations of ethanol stimulate increases in CBF in a nitric oxide-dependent manner, mediated through elevated cAMP levels and subsequent PKA activation. This ethanol-driven rapid and transient increase in CBF occurs 15 to 30 min after exposure to 100 mM ethanol. However, after prolonged exposure to 100 mM ethanol (>/=6 h), CBF and the catalytic activity of PKA return to baseline levels. We hypothesize that cyclic nucleotide-dependent phosphodiesterase (PDE) activity attenuates the duration of ethanol-stimulated ciliary motility. The effect of ethanol on the PDE activity in BBECs was determined through direct assay of catalytic activity. When BBECs were incubated with 100 mM ethanol, significant increases in cAMP levels occurred within 1 h, with corresponding increases in PKA activity. Treatment of BBECs with 100 mM ethanol increased cAMP-PDE activity significantly by 4 h. 3-Isobutyl-1-methylxanthine, Ro 20-1724, and rolipram inhibited ethanol-stimulated cAMP-PDE activity. These agents inhibited ethanol-stimulated cAMP-PDE activity and increased the magnitude of ethanol-stimulated PKA activity observed under the same conditions. These findings support the idea that acute exposure (<6 h) to ethanol increases cAMP levels, and the associated increase in PKA activation is regulated by cAMP-dependent PDE, specifically PDE4. Other compensatory mechanisms however, may be responsible for the down-regulation of PKA, which occurs after chronic epithelial exposure (>/=6 h) to ethanol.